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English rainfall was chosen for examination because,
(@) the records are much longer than those of the United
States, (b) preliminary studies had indicated the possi-
bility of definite positive results by cycle analysis.

In 1929 the writer was sent to England as fellow of the
John Simon Guggenheim Memorial Foundation to gather
and to analyze rainfall records of that country. Through
the courtesy and cooperation of officials of the British
Meteorological Service he gathered from the manuscript
records of the Rainfall Office a continuous record of the
203 years 1727-1929. In choosing records, the length of
record and all notes regarding the manner in which 1t was
kept were considered. Dr. Brooks and Dr. Glasspoole
from their familiarity with the subject gave him very
much valuable information that improved the results
greatly. A desk in the office was given to the writer
during the weeks spent in copying and each one with
whom he came in contact seemed to strive to make him
feel welcome.

The detailed records of the individual stations would
be too long to publish here. Table 1 exhibits the stations
used and the years for which monthly totals were availa-
ble. Edinburgh in southeastern Scotland was included
with the English stations because of its extremely long
record.

In the case of each station the mean value of the record
was secured for each month and from these means a
table of percentages of normal was formed. Such a
procedure weights stations equally for the years used.
From these percentages a combined table was made of
quarter yearly values, table 2. These are given graphi-
cally as figure 1. In 1t, the first quarter of a given vear
begins with December of the preceding year. Such
quarters match better with the astronomical, meteoro-
logical and agricultural quarters than do those of the
calendar.

Any long period variations of length much more than
20 or 30 years will be partly damped for the record of the
eighteenth century because of the necessary inclusion of
records as short as 13 years. No such damping exists for
the nineteenth and twentieth centuries. It is important
to stress this because of negative evidence regarding long
swings such as the Briickner cycle.

Wherever notes showed a significant change in the
exposure of the gage, means were taken for the separate
exposures. In this connection it is interesting to note
that at Exeter the same gage apparently has been used
on the top of a wall throughout the whole record. Such
an exposure is not the standard one but a uniformity is
secured that is invaluable in this type of work. It is
hoped that if a change ever is necessary several years of
overlapping records of new and of old exposures will be
made. Although the record was not used here, it seems
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well to call attention to the work of Dr. Knox-Shaw at
Radeliffe Observatory in the hope that his procedure may
be copied by others. The observatory rainfall record was
first taken 1n a roof gage but for many years since then in
a more standard exposure. A few years ago the old roof
gage was put back into operation in order that the over-
lapping years may be used to give a homogeneous record.
At other stations it probably would be possible to dupli-
cate such work and to improve the records very much.

Before computing the periodogram the writer made an
investigation of the permanence of the annual cycle in
England and found it subject to large systematic varia-
tions. (Ia) These variations in the type of the annual
rainfall are much too large to be accidental and raised
the question whether it could be possible for cycles to
exist continuously throughout the record. Any cycle
existing might plausibly depend upon whatever causes
determined the type of the annual rainfall and might
cease to exist when the type changed. Many negative
results of this paper cantribute to this viewpoint and
indicate the necessity of further extended study.

The correlation periodogram method need only be
outlined very briefly.

Given data x, r, ____ r, with »r; representing any
datum. Assume the time intervals between r, and .,
to be equal. Each datum x; is matched with the datum
L intervals later. [ is designated the lag.
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Values of [ are plotted as abscissae and of r;, or of

r . . . .
~% as ordinates. The height of the ordinate gives a

agry
measure of the probability of a periodicity or cycle of
length L.

The periodogram was computed for all values of
from 1 to 352, table 3. This is shown by figure 2.

If long cycles, say 10 years or longer, existed in the data
with large amplitude, or if there existed a secular trend
to the data, the periodogram should show at first, con-
sistently, large positive ordinates, gradually becoming
negative and perhaps again positive. The majority of
the first ordinates are positive, but in no case are they
large. The writer is forced to the conclusion that the
Briickner cycle does not exist in these data. There are
successions of dry years and of wet years but the time
variation of the swings is too great to give them the term
cycle.
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In the correlation periodogram a peak is repecated at
1, 21, 3l, etc. if a periodicity of length [ exists in the data.
Therefore if several periodicities exist, there must be
unusually high peaks wherever we have approximate
least common multiples. Conversely, interference may
suppress certain peaks. The following are the values

from the periodogram for which % is greater than plus
i

two.

Larger negative ratios are found. Such also could have
physical significance.

A study of the larger ratios found shows that there are
but few more found than one would expect through acci-
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dent. The increase is scarce:]y significant. Further

evidence will be developed later with respect to the 37-75
peaks, but otherwise the result from this viewpoint must
be considered as negative.

There are several possible causes of such negative
results:

(a) The data may contain no cycles.

(b) There may be short cycles which vary in length
sufficiently that they will show no peak at a lag of
ml if m is a fairly large integer. For example, if there
were, say, a half dozen cycles of length between 1 and
3 years and if each varied in legnth by as little as 5
percent of its mean during the 203 years of the data,
nothing would be found for long lags and but little for
short lags.

(¢) Short cycles may exist for 25 or 50 years and then
become inactive,

(d) Short cycles may exist which are subject to abrupt
discontinuities of phase such as Professor Turner sug-
gested for sunspots.

The third of these possibilities must be studied further.
For perhaps insufficient reasons, the writer does not
favor the fourth. The first two hypotheses may be
studied together. )

If (b) should be true, it follows that, if we divide
the data to form two independent periodograms, there
must, for small lags, be a low positive correlation be-
tween them. For great enough lags this correlation
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must become negative and for still greater lags, hap-
hazard. These correlations can never be large because
the majority of the peaks of a periodogram will usually
be accidental. The lag for which these correlations
become negative is a function of the length of the cycles
involved and of their percentage change in length.
The first 192 products of each lag of the periodogram
were added separately from the remaining products
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FIGURE 1b.

to give two periodograms, table 3, which are inde-
pendent, despite some duplication of data. Up to a
lag of approximately 150 the correlation between the
periodograms is rather consistently positive with the
sum of positive products about twice as large as of
negative. From here, till near the end, the reverse is
true. This evidence strongly favors the existence of
a plurality of short cycles. The rather large lag at
which the reversal of the correlation takes place indi-
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ca‘celsl that the percentage variation in length is quite
small.

In 1922 the writer published (15) an investigation
of rainfall data from many parts of the world which
seemed to show quite definitely that there does exist,
in numerous places, a rainfall cycle whose phase varies
with sunspot phase instead of time and with a length
of one ninth the sunspot cycle. The adjustment to
sunspot phase by his tables can be carried back only
to the year 1860. Monthly values from these data
were examined by means of the tables of that paper to
study the possibility of existence of this short cycle in
them. The values for this cycle for the halves of the
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data 1860-1929 are superposed in figure 3. The cor-
relation between them is r= +0.51. This value, in con-
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junction with the evidence of the independent periodo-
grams and_that from the 1922 paper, may be regarded
as confirming the existence here of this short variable
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cycle. The shape of the curve. shows that it itself is

merely a complex of its harmonies. ) )
When the independent periodograms were examined, it
was found that the peak at lag 27 was not consistent
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through the data, and, therefore, is presumably accidental.
However, that at 37 and its double at 75 are consistent
and warrant further study. For this purpose the 203
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yvears of data were divided into six sections and each
tabulated separately for a 37)% quarter cycle. Each of
these six curves was then matched to give the best fit

LAG
[4 L2 2 < [ g0 95 72

%

24

g J’

vV

I
L
K
\
i

PRS-

pt
U
N

FIGURE 2a.

with the mean of all. The number of quarters by which

it was necessary to shift a curve to match it best with the

mean curve, gives a measure of its variation in length
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between these sections of the data if the hypothesis of its
real existence be true. These variations expressed as
percentages of the mean length are shown in figure 4. On
them are superposed the percentage variations for the
sun-spot numbers for the same intervals. The resemblance
is very strong and, therefore, having admitted the existence
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of one other cycle which varies in a similar manner, this
one must be regarded as probably real. It probably is not
entirely independent of the shorter one.
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SUMMARY OF RESULTS

(a) Long cycles do not exist in these data.

{b) Strictly periodic terms do not exist.

(¢) At least one and probably more cycles do exist
which vary their phase in step with the sun-spot numbers.

(d) Nothing has been developed to give long-range pre-
dictions of any commercial value.

(¢) Several facts indicate the value of a further extended
study of the data.

The writer wishes to acknowledge grants from the
Research Committee of the Graduate School of the
University of Kansas by which the majority of the com-
puting was carried out partly under the direction of
Director L. J. Comrie of the British Nautical Almanac
Office and partly by Miss Sylvia Burd of the University
of Kansas. He wishes also to thank the John Simon
Ciuggenheim Memorial Foundation for the entire freedom
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they granted him in carrying out the study and for their
patience with him through several years of delayed pub-
lication.
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TanLe 1.—Dala used

Southwiek . - .- ______ 1727
Plvmouth.___ .. _ . ... 1727
Lyndon. _ . L _____ 1736
Norwich . ___ ... 1750
Carlisle___ . . ______ 1757
Peebles__ .. l____ 1766
Chatsworth_ . . ____________ o _______ 1777

1800
Liverpool_ o _ .. 1775
Edinburgh_ .. .. 1770

1780

1785
Manchester . . __ _ ... ___. 1794
Exeter_ o o e .- 1817
Greenwich . - _ ... 1815
Spalding . _ ... 1829
Stonvhurst. .. ______ 1848
Chilgrove. .. ..o 1834

When the records showed a sufficient change in
means were formed.

TaBLE 2.—English rainfall data

[Percentages of normal.
ceeding vear|
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I -1739
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I
I
I
I
I
I

IV
1V
1V
v
v
1V

111
v

-1929 1V
-1840 IV
-1929 1V
-1929 IV
-1929 1V
-1920 IV
-1929 IV
exposure new

First quarter of each year begins with December of pre-
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TABLE 2.—English rainfall daia—Continued TasLe 3.—Correlation periodogram of English rainfali—Continued
Quarters Quarters rifery of inde- riferiof inde-
F.ntire periodo- pendent Entire periode-] pendent
gram parts of gram parts of
1 I | I | IV I Ir | 11 | Iv Lags periodogram Lags periodogram
____________ 4| 91| 11| 100 105 7| @ | ey | PTL | Fat i | rijery PATt Part
o 132 100 109 120 116 107 62 103
122 134 106 65 151 66 101 89
1m 98 62 91 04 101 87 72 —0.036 [—0.97 |—0.94 40 L 65 +1.9
170 125 46 112 95 45 105 0 =+. 039 [+1. AU o8 .8 -.
114 61 56 88 103 136 143 140 —. 052 [—~1.38 |—-1L03 | —.4 L6 -1
- 95 103 116 103 126 104 84 62 — 004 | —. +1.27 | —. 8 . -
oo 122 132 117 138 69 108 104 94 —. 045 |—~1.71 [—1.07 |—L @ L5 -
o] 128 &1 111 102 115 97 71 112 +.004 | . +.41 | —. 12 . +.6
67 G6 91 113 0 123 98 04 —. 019 | — 49 | +.056 | —. 6 . —1.0¢
101 53 132 143 95 119 95 (3] -. —.07 | —. . +1.
84 121 &0 122 60 125 113 04 —.: +.02 | —. L S —.7
178 142 112 99 147 104 110 79 +. .80 | 4.3 . 08 4.7
- 77 124 113 101 97 80 59 105 —. 43 =06 | — & .08 ~—.
- 102 110 180 64 140 92 163 83 =03 =13 4.0 L7 +2.0¢
- 64 85 121 149 103 144 49 93 +. +.92 | .17 . o8 =+. 4
ol 118 86 126 3 82 117 el S L3S [-210] —.7 . 3 | —. A
- 82 126 121 120 172 82 106 7h +. —. 41 (1. .03 L=
o 132 7l 05 128 162 130 107 120 —. —. 28 | —. . Y .
.- a3 7 74 62 77 93 126 85 +1. —.39 |+1.7¢ L —. 37
o 107 109 62 125 90 83 96 127 G| =43 =59 | —. .6 G 41,4
. 7 140 7! 101 136 120 3 73 51 —. —1.41 | +.& . +1.:
82 7 47 99 115 | 135 | 104 i +2.10 |4-1.21 +1. EN:
. 58 102 1556 81 83 s 48 61 —. 27 |[+1.29 '—1.1¢ —+.17 —. O
. 64 128 88 80 116 100 106 A3 | —. T - —. 76 | —.8
- 82 100 121 83 140 | 106 76 107 =202 47 =L T —. 4 -1,
80| es| 119 114 90 | 126 | 125 124 9 | —2. 08 48 =15 +. +.
--| 103 7 101 100 139 130 72 101 -1, 0 . +. & —. —. 46
- 92 36 &7 93 133 100 95 122 - 2 +. 69 | —. —. 4y
. 129 g2 121 101 94 106 134 137 —2.9 3.48 |—1 +. +.6
- 69 87 107 96 143 90 123 100 0| =% . +. & +1. +. 6
- 64 kG 84 118 71 59 85 124 +. +1.04 | —. -1 -,
____________ 119 125 110 7. 6 1—1.5 —.07 | —.8 +. +.
+1.5 +.18 |+1.6 —L —1.
—1.1 —. 41 |—1 +1 +1
v . . . . 9|~ +.05 | —.: +.: +.
TasrLe 3.—Correlation periodogram of English ratnfall 5 +.38 | +.15 | +.36 —_g -2
—1.36 [—1.16 | —.8 . -
—.31 |=1.18 | .40 +.6 6 <
rijor; of inde- riforof inde- +1' 3 _|j;' .1;11 ~ +.6 5 4.
Entire periodo-|  pendent Entire periodo-| pendent + a5 | 4 +. 0 |+1.7
gram parts of gram parts of — 3¢ ’I-. a1 . +1. +.
L periodogram L perindogram +'. " » —_ ) -
ags s +55 | Lido | 4. +1 a2 | 48
+2.57 [+2.96 (+1. - . -
7 rifort Part | Part r rijor Part | Part —1.07 i— 184 | —. —. L84 [—1,
A B d A B +.16 | —. 83 | +. - . —.4
+1.26 | 4. 40 |+1. =111 . -1
+.52 | —. 44| 4.9 +. .27+
| S +0.005 [+0.15 {—1.138 (+0.83 —1.69 |—1.61 |-1.01 +.64 [H1.41 | —. -1 . —L
2. +.009 | +.25 | +.80 ] —. 18 483 —.32 ) 4.8 +.61 |41.03 | +. - . -
3.. +.007 | .21 | +.77 | —. 20 . .45 | —. — 17| +.75 | —.69 +. .4 —-1.
4 +.049 |4+1.37 |+2.43 | +.21 N —H2E =1 +.16 ] +.40 | —. 08 -. .62 | +.
& +.025 | .68 |+1.72 | —. 17 —2.96 |—1 — IR | +.96 | —. 8 4. 15 .09 | —. 6L
6.. —. 068 '—1.94 | —. 96 [—1.68 462 | —. +. +.24 | +.76 110 | +.17 (+1
7. —.017 | ~. 49 | +.65 { —. 93 +.22 ) —. —.05 |—=1.37 | +.8: +. . 06 ~-1
B ~+.0225| +.64 | 4.7 +.33 +1.20 ¢ +. -. +.20 | —. 6 +1. . +.
9. -+.058 |41.65 |41.33 |[+1.14 —1L.Y7 | —. 38 —1.13 | —.13 [—1.25 -1 . +. C
10 +.006 { +.17 | +.05 | +.16 +.93 |—1.. +. +.33 | +. 69 +. t ._‘ -
11. +.021 | +.57 | —.43 | +.92 —.01 | .2 +.68 [ +.01 | -8 — 8 . —1.~
12_ +.012 | +.35 | +.20 | +.97 —. 88| = =13 | 421 | =20 —. 12 . -
13 +.030 | +.86 | +.34 .80 —. 3 +.34 +.09 | +.57 | +. +.22 . -
14 +.015 | +.42 | 4.03 | 4. 48 5| .30 | —. 405 | —. 78| -85 +. 95 . +.
15 +.006 | .18 |—1.14 | 4-.86 +.76 | —. +.45 0 4+ +.64 . +.
16. —. 062 |—1.73 |—1.4% [—1. 15 +.7 .6 - —1.63 | +. +.01 -5 —?—
17 4.022 [ +.61 | —. 52 |+1.01 4| .82 | 4 4 — 19| =28 ] - +1.08 .3 -+.
18. —. 014 | —. 41 | —. 12| — 46 20418 4.0 —1.38 | —. —1. —. 93 . -.
19 +.025 [ +.7 +.25 | +.66 =113} —. 6 - - +. —. 2 L3 -
20 +.004 ) +.12 ) — 82| 4.61 2] 464 | —. 2 —1. —. —1. 55 +. 19| 4.
21. —.017 | —.48 |+1.91 '—1.64 31498 i —1 0 +.22 0 — 55 ] 4. +1. 2,09 ) —.
22, . 000 | +.01 | +.47 | —.26 +1.16 | +. S| A 19 | .02 —.38 ~1.0d . =1
23.. —.000 00| —.88 | 4+.50 +2.50 | +. 58 1. 4+.58 |4+1. . 3 .
24 —.014 | —39 | —. 64 —. 0% —. 69 |—1. 17 +1.02 | .57 | +.8; .39 1—-1.2
25 —. 008 { —.22 [4-1.76 |—1.26 5 |4+1.74 | . 18 +.74 [(—1.31 [+1.74 . -
26 —.003 | —. 08 [—1.45 | +.7 0 +.09 +1. .57 | .56 | -+ 46 .60 |—1.4
27 +.074 (+2.07 | +.65 |+2.01 0| —.32 | —.6 —.i — —. -4 —.
2% +.010 | +.28 | —. 15 | +.40 —LO07} 4.¢ —1.43 | —.32 |—L.6 - 35 +1.
29 —027 | —.75, —.31 | —.68 2 . 28 478 -4 - —.: .68 | 4.
30.. — 04 |—1.23 | ~. 15 [—1.32 —. 42 1. 65 | —. 16 | +. —. -1. -1
31._ +.015 | .42 | +.79 | +.03 —. 45—, -1 -1 —. 0 . +.
32__ —. 43 |[—1.20 [—1.35 | —. 59 4. 47 | 4.2 V15 145 | —. . +2.
33 +.015 | .43 |+1.58 | —. 43 —-2.31 |[—L —. 12 |—1 =+ A -1
34 —. 044 |—1.23 | —. 80| —. 95 +1L61 | +. +. +.88 | +. 0 . -
35.. +.043 (+1.19 | +1.00 | +.79 +.85 |—1 —. 62| -, —.3 - —.21
3 —. 051 |—1.44 | — 71 |—1.24 —.9t ] =7 .60 |1 18 | — 0 - —. 17
37 4077 [+2.15 |[+1.25 |+1.73 +. 64 [—1. 8% +1. +. +1.3 +. —.SQ
3R +.026 | +.73 +1.03 | 4-.24 —. 01| =" +1.25 | +. 1. 4 +. —1.98
39 +.03L | 4.87 | +.96 | +. 45 +.43 |—1.03 —+.24 | +. —-. +1. —1.57
40 . —.021 | —. —.58 | —. 34 +.09 | —. 4 R I41.19 | +.6 +-. 98 —1.62} +.53
41 —.002 | —. +.56 | —.39 —.37 1 —.0 9 [ — 23 |+1.20 |—-1. +1. —-.()_Cf
42 —.036 | —. +.42|—-1.38 +.52 | —.% I |=L03 ] —. 99 [ —.6 . -1.27
43 —.027 | —.7 +.05 | —. 90 4058 | =2 42,05 | .99 |1, +. +.95
44__ —+.009 | 4.2 +.95 | —.26 —. 75| —. +.36 | —. & — +. —-1.07
4h. —. 025 | —. —.03 | =79 _-'I-_ (7)% ii +1). il =8 “+1.64 —.20 —51‘9
46 +.029 | +.81 | +.70 | .52 O . -2 ~2.23 1 —. 98 —. -
47 —.001 | —. +.83 | —.51 —.10 | +. 3| 4. 4 +. +. —+. +].4§
8 +.035 | 4.4 +.77 | +.66 5 |—=1.15 [—1.9 —2.15 |—2.86 | —.6 ~: +1. 59 —1.17
49 +.028 | +. +.14 | +.82 - 95| —. +.05 |—1.08 |41 5t +. —.12
&80 - =023 —. +.79 |—1.20 =227 | +.: +1. 4 4. 69 {+1.00 -1, —-. 19
51 007 | 4 —.22 | 4.35 4L 18 (41,18 =02 +.45 | —.3 @] —4 —. 41
b2 . . —. 008 { — —1.07 | 4.39 —+. 54 |—1, . —2.18 42 +. - 12
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TaBLE 3.—Correlation periodogram of Fnglish rainfall—Continued

i . rifor; of inde- rifer of inde-

Entire periodo-| pendent Entire periodo-| pendent

gram p;ngs of gram parts of

0

Lags periodogram Lags periodogram
" rifors P:}\rt P%rt " rijort Pgrt Pla;rt
—0.066 |—1.48 (4-0.39 |—2.18 —0.080 |—1.78 |—1.58 [—0.98
+.004 | .08 | +.77 | —. 56 +.069 |4-1.53 | 4.46 (+1.58
.002 | —.03 | —. 28 | 4-.18 +.022 50 | 4-.42 | 4-.30
+.014 | .31 | 4-.67 { —. 14 -+.009 19 |—1.26 {+1.26
009 | —.20| —.69 | +.29 —.046 [—1.00 | —. 23 |—1.11
L0010 [ —. 03| —.19 | +.12 —. 036 [ —. 80 —.83 | —.50
.027 | —.60 | +.66 [—1.28 —.013 | —.30 | 4.80 |—1.02
+.028 | +.63 | ~.95 [+1.56 —.051 {—1.12 |—1.82 | 4,04
020 | —. 45| 4.28 | —.80 —. 040 [—1.08 | —. 92 | —.63
008 | —. 17 | —.81 | +.43 —. 059 [—1.31 |—1.31 | —. 60
007 | —. 15| +.34 | —. 47 +.061 (4+1.34 | +.51 |4+1.30
090 (—2.01 |—1.72 |—1.18 —.025 | —. 55 |—1.564 | .55
+.035 | +.78 [4+1.21 | +.02 —.001 | = 15| —.70 | 4. 55
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TaBLE 3.-—Correlation periodogram of English rainfall—Continued

rifar;of inde- rifory of inde-
Entire periodo-| pendent Entire periodo-| pendent
gram parts of gram parts of
Lags periodogram Lags periodogram
" — Pirt P%rt " rifor Pirt Pirt
—0.30 {40.36 {—0.67 }| 341._.__.___(40.086 |+1.86 |40, 98 {41,562
+1.55 |+1.38 . . +.91 | 4-.60 | +.68
—.78 | +.07 —.47 | - —.12
—1.25 | —.90 ~.34 |—121 | 4.58
+1.19 | +.73 +.3¢ | —.21 | 4-.62
+.15 [-1.24 +.2 [—1.23 [+1.338
—.50 | +.32 +. 08 .77 4.74
+.55 |+1.29 ~1.38 |-2.07 | —. 02
—. 45 |—1.05 +.23!+.20| 4.13
+2.37 |+1.41 +.39 | 4+.31 | +.24
+1.74 | +.48 +1.30 | +.39 |[4+1.37
—.04 | —.08 —.69 |—1.86 | 4.7

SIGNIFICANT CHANGES IN THE RAINFALL AT SOME LOCALITIES

By Deanx A. Pacx

INTRODUCTION

These data are presented to support the generally
prevalent, though many times questioned, belief in
weather recurrences and weather cycles. No attempt
has been made to establish any direct or indirect relation
between precipitation and sun-spot cycles or any other
kind of periodic variation. However, an effort has been
made to show that precipitation cycles do exist, and that
the precipitation for many different locealities show
significant changes from period to period.

SUMMARY

These points have been supported by the calculation
of cycles for several precipitation records, and by showing
that the differences in the amount of rainfall during the
maximum and during the minimum periods for these
records could not be due to chance alone.

A cycle or trend for each precipitation record was
calculated and the curve plotted, so that the periods of
high or low average rainfall could be located. This was
done for the annual precipitation records of 41 stations
in the United States and 12 stations in other parts of the
world. The crests and troughs of these curves indicated
periods of maximum or high average and periods of
minimum or low average rainfall for each station,
respectively. The annual precipitation during the peri-
ods of maximum rain fall were compared statistically
with the annual precipitation during the periods of
minimum rainfall for each station. The results show
thet the precipitation for each station passes through a
particular cycle during which time it varies by significant
amounts. As a result there are significant maximum
and minimum periods.

The annual precipitation during successive maxima
periods and minima periods were also statistically com-
pared. No significant difference of average annual
precipitation was found between successive maxima
periods or between successive minima periods for any
particular station. While this indicates that successive
cycles may have about the same amplitude, no definite
conclusion is possible because our weather records are
too short.

HISTORICAL

Sir Richard Gregory’s (6) address before the Royal
Meteorological Society will be found of interest as a

review of the present opinion on weather cycles and of
the more recent literature. In 1915 Goodnough (3)
pointed out that the rainfall for various localities in New
England changed from time to time. In 1930 he (4) pres-
ented the following table 1 which is self-explanatory
and which is reprinted here by permission of the New
England Water Works Association.

TaBLE 1.—Avcrage annual rainfall by periods (inches)

: New Bed- [ Boston Waltham Lowell,
Period ford, Mass. Mass. Mass. Mass.
182649, 24 years. .o .o 47.21 42.00 41,13 39. 45
1850~76, 27 years. .. 46,73 53, 18 43.00 45.73
1877~1903, 27 years. . 47.79 45. 52 44. 40 45.95
1904-29, 26 years__ . _______________ 44.23 40. 32 40, 24 41. 43
1826-1929, 104 years...._._._.__. 486. 49 45.40 42.24 43.26

Marvin (7) in an article entitled “Concerning Normals,
Secular Trends and Climatic Changes” discussed the
precipitation changes for Boston vicinity from 1758 on.
Powell (8) presented a method for finding long period
cycles and showed that a cosine curve fits the Boston
precipitation data much closer than straight line trends.

SOURCES OF MATERIAL

The data used for these calculations were taken from
the records of the United States Weather Bureau, the
New England Water Works Association, the Smithso-
nian Institution (1), and the Meteorological Service of
Canada.

INVESTIGATION

The Goutereau (5) Ratio was applied to several annual
precipitation records, with a result that the data indicated
the presence of a cycle.

In order to select periods from the annual precipitation
records that had a high or low average annual precipita-
tion, cycles were calculated and curves drawn for the
precipitation record of each station. These cycles were
calculated by the least squares method or by moving
averages. The least square method was used only on
parts of long records that could be represented by more
simple curves. From these curves, it was an easy matter
to select from the records periods having either a high
or a low average annual precipitation.



